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神经干细胞 （Neural Stem Cell，NSC） 
神经前体细胞（Neural progenitor cell，NPC） 
神经上皮细胞（Neuroepithelial cells，NECs） 
放射状胶质细胞（Radial glial cells，RGCs） 
短期神经前体细胞（Short neural precursors，SNPs） 




头端迁移渠道（Rostral migratory stream，RMS） 
短期扩增细胞（Transit-amplifying progenitors，TAP） 





神经元核心抗原（Neuronal nuclear antigen，NeuN） 
DCX（Doublecortin） 
Sox2（SRY-related HMG-box gene 2） 
核孔复合体 （Nuclear pore complex，NPC） 
核内膜（Inner nuclear membranes，INM） 
核外膜（Outer nuclear membranes，ONM） 
核孔蛋白 （Nucleoporin，Nup） 
核运输受体（Nuclear transport receptors，NTRs） 
核定位序列（Nuclear localization signal，NLS） 
























出现功能性改变。这一研究暗示着 seh1 可能在神经系统中发挥着重要的作用。 
我们报道发现了核孔蛋白 seh1 在中枢神经系统有较高表达，并分别检测了
在发育过程中各个时间点小鼠皮层和脊髓的 seh1 mRNA 和蛋白表达随小鼠发育
呈递增趋势。这一结果暗示了核孔蛋白 seh1 在中枢神经系统中的重要作用，并
可能调控小鼠神经发育。由于全身性敲除 seh1 导致小鼠胚胎致死，我们构建了
hGFAP 启动子驱动的 cre 敲除小鼠，可以特异性的在小鼠神经干细胞中敲除 seh1，
从而研究其在小鼠中枢神经系统发育过程中的影响。敲除小鼠在出生后 14 天出
现了瘫痪，癫痫，抽搐等症状，小鼠脑明显变小，皮层变薄，嗅球变小；同样我
























Nuclear pore complexs (NPCs) mediates macromolecules transportation between 
cytoplasm and nucleus, which is composed of about 30 different nucleoporins. 
Nucleoporins participate a set of physiological reactions and regulate various signaling 
pathway, and Nup107-160 subcomplex plays a central role as a scaffold of nuclear pore 
complex. Nucleoporin seh1 is a member of Nup107-160 subcomplex, however, we had 
a limited knowledge about its function. Although it has been reported that seh1 is 
involved in oogenesis of Drosophila, there is few studies about seh1 in mammalians 
and humans. Recently, Hassan reported six candicate genes related to microcephaly, 
including seh1, although no variants were found in exonal sequence, we could not rule 
out the possibility that there is a functional changes in regulatory region. This study 
suggest that seh1 may play a central role in central nervous system. 
Here we reported the nucleoporin seh1 has a higher expression level in central 
nervous system, and we found that seh1 expression levels in cortex and spinal cord 
increased during the mouse development, respectively. The result indicate that seh1 
may have a regulatory role in mouse neural development. Since traditional knockout 
of seh1 in mice is embryonic lethal, we constructed hGFAP promoter driven-cre 
knockout mice, which specificly knockout seh1 in neural stem cells, so that we can 
study the effect of seh1 deficiency in central nervous system during mouse 
development. The mutant mice display a set of phenotype of paralysis, epilepsy, 
hyperspasmia, and a smaller brain, thinner cortex and olfactory bulb. The similar 
phenomenon has been observed in nestin promoter driven-cre knockout mice. The 
result illustrate that seh1 is indispensable during mouse development. Through 
analysis of neural markers, we found a shortage of neuron and its precursor including 
an increase of astrocyte in cortex of mutant mice, with reduced oligodendrocyte in 
corpus callosum. However, mutant neural stem cell proliferate more than control. We 
















into its progeny. We also studied the fuction of seh1 in adult neural stem cells, and we 
do not find loss of seh1 take effect on its differentiation and migration but proliferation 
of neural stem cells increased. 





























































保持在增殖状态，而当 Notch 被抑制则会促进放射状胶质细胞的分化[12]。 
正如它们的名字一样，放射状胶质细胞具有胶质细胞的性质，包括表达胶质
细胞标志物胶质纤维酸性蛋白（glial fibrillary acidic protein，GFAP）和谷氨酸/天
冬氨酸转运蛋白（glutamate/aspartate transporter，GLAST）[13]，它们最初被认为
具有像星形胶质细胞类似的功能，包括帮助正在分化的神经前体细胞迁移。通过












amplifying progenitors，TAP）或者中间前体细胞（intermediate progenitor cells，





















图 1. 1 小鼠神经发育示意 
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